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Method and deviog.,-; • . for Transfers.. Heat or Mass 

The present invention relates to a method of transfer- 
5 ring heat or mass with the aid of rotating surfaces. The 
invention also relates to apparatus for carrying out the 
method. 

It is known to improve the transfer of heat between a 
10 fluid and a surface, by disturbing the flow adjacent 
said surface, this being achieved in the case of so- 
called flat plate-type heat exchangers by corrugating 
the transfer surfaces or by providing these surfaces 
with turbulence-generating means. 

15 

Although this will disturb or agitate the flow of medium 
adjacent the surfaces, it does not induce the fluid to 
flow adjacent to or contiguously with the surfaces, 
which would improve heat transfer, but instead the fluid 
20 remains in a stationary layer close to the heat transfer 
surfaces, this layer having an insulating effect on the 
heat transfer process. 

Another method of improving heat transfer is to allow 
25 the fluid to flow through narrow confined passageways, 

such as in the case of rotating heat-exchangers, wherein 
the short distance between the fluid and the wall is 
utilized in an endeavour to improve heat transfer. One 
drawback with this solution is that the major part of 
30 the fluid passes through the centre of the passageway or 
channel, despite the narrowness of the passageways, and 
thus plays a smaller role in the heat transfer process. 
Another drawback is that the narrow passageways are 
liable to become blocked, and it is often necessary to 
35 take measures to prevent blocking of the passageways, 
therewith making the system more expensive. 
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In the two cases described above, the measures taken to 
improve heat or mass transfer involve attempting to 
force into being an effect which is opposed to the 
intrinsic will of the fluid flow to flow in a certain 
5 manner. 

US-A-4 ,044,824 teaches a method of exchanging heat 
between two fluid flows which are conducted in heat- 
exchange relationship with one another in a rotating 

10 heat exchanger having fluid-accommodating bellows-like 
pockets. The differences in the density occurring be- 
tween the fluid to be cooled and the fluid to be heated 
is utilized to create turbulent conditions that are 
intended to promote the exchange of heat and the trans- 

15 portation of the fluids. One drawback with this known 
arrangement, however, is that the entire fluid flow is 
passed through one and the same channel out of and into 
the bellows-like pockets, which limits the capacity of 
the heat-exchanger and impairs its ability to transfer 

20 heat, since the major part of the fluid flow passes 
through the centre of the channel or passageway, as 
described above. 

GB-A-936,059 teaches a heat-exchange method and a heat- 
25 exchanger which is comprised of an outer element, an 
inner element and an intermediate element of bellows- 
like form, these three elements defining therebetween 
two channels for the throughpass of media between which 
an exchange of heat shall take place. This method and 
30 the illustrated heat-exchanger have the drawbacks men- 
tioned above with respect to the aforesaid U.S. patent 
specification. 

Distinct from the af oredescribed known methods and 
35 apparatus, the main object of the invention is to pro- 
vide a method for heat or mass transfer in which the 
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heat transfer index or number is improved by utilizing 
the natural phenomenon of flow mechanics, without dis- 
turbing the fluid flow or forcing unnatural motion 
onto the flow. On the basis of this object, there is 
5 proposed a method for mass and heat transfer in which 
very high transfer indexes or numbers are achieved. 

Another object of the invention is to provide a heat and 
mass transfer method in which the transfer performance 
10 can be adjusted readily to desired values. 

A further object of the invention is to provide a heat 
and mass transfer apparatus which is compact in relation 
to the transfer numbers or indexes obtained, since the 
15 heat and mass transfer is contingent on factors other 
than the size of the transfer surface. 

These and other objects are achieved with the method and 
the apparatus having the characteristic features set 
20 forth in the following Claims. 

The invention will now be described in more detail with 
reference to a number of exemplifying embodiments there- 
of and also with reference to the accompanying drawings, 
25 in which 

Figure 1 is a sectional view of an apparatus for carry- 
ing out the method; 

Figure 2 is a sectional view of the apparatus shown in 
Figure 1, taken on the line II-II; 
30 Figure 3 illustrates the velocity distribution close to 
a disc which rotates in a stationary fluid; 
Figure 4 illustrates a corresponding flow pattern of the 
disc when the fluid is delivered to the centre of the 
disc; 

35 Figure 5 illustrates a corresponding flow pattern when 

the fluid is delivered to the periphery of the disc with 
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the fluid in full rotation; 

Figure 6 is a vertical sectional view of another embodi- 
ment of the invention; 
5 Figure 7 illustrates schematically the principle of the 
embodiment illustrated in Figure 6; 
Figure 8 is a diagram showing lamellar and turbulent 
flow in the embodiment illustrated in Figure 7; 
Figure 9 is a perspective, partially section view of one 
10 embodiment of a heat-exchanger which operates in accord- 
ance with the principles of the invention; 
Figure 10 is a sectional view taken on the line X-X in 
Figure 9; 

Figure 11 is a sectional view taken on the line XI-XI in 
15 Figure 9; and 

Figure 12 is a sectional view of an apparatus for trans- 
ferring mass in accordance with the principles of the 
invention* 

20 The apparatus illustrated in Figure 1 comprises a number 
of flat discs which are mounted on a rotation shaft 10 
by means of sleeves 12 and which are intended to rotate 
together with the shaft 10 at appropriate speeds. The 
shaft 10 and the discs 14 rotate in a cylindrical hous- 

25 ing whose outer wall 16 supports a number of planar 
discs 18 which are attached to said wall and which 
project in between the first mentioned discs 14 and 
terminate short of the shaft 10, so as to form an inter- 
space between the ends of the discs 18 and the shaft 10. 

30 The free edges of the discs 14 mounted on the shaft 10 
and fitted to the sleeves 12 extend into a respective 
recess provided in the wall 16. Arranged in the recess 
are labyrinth seals or, with regard to fluid seals, 
axial seals or the like for instance, which ensure that 

35 no leakage will occur between the discs 14 and the wall 
16. Arranged alternately in the wall 16 are inlets 20 
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and outlets 22 for delivery of a fluid to the channel or 
passageway defined between two discs 14 and an interme- 
diate disc 18. It will be seen that the channel extends 
from the inlet 20 to a respective recess defined between 
the sleeves 12 and back to the outlet 22. When two 
mutually different fluids P x and F 2 are delivered to the 
channels, an exchange or transfer takes place between 
the fluids, for instance a heat transfer, without the 
fluids intermixing. 

In the case of the Figure l embodiment, the inlets 20 
and the outlets 22 may be located alternately in the 
apparatus hub and the housing wall. This arrangement 
will produce a counterf low effect between the fluids in 
which an interchange shall take place on each surface of 
the discs 14, 18. 

By rotating the discs 14, 18 at different speeds, for 
instance by rotating the shaft 10 and therewith also the 
discs 14, an extremely efficient transfer is obtained 
when the greatest radial velocity component of the fluid 
is located in a boundary layer close to the disc sur- 
face. This rotation also generates a disc pumping ef- 
fect, which can be amplified, however, by providing the 
disc 14 with blades 24 or vanes of appropriate configu- 
ration and angular placement, while the disc 18 may be 
provided with guide vanes 26. Naturally, it is also 
conceivable to rotate the housing wall 16 and the discs 
18; the discs 14 and 18, however, may be rotated either 
30 at mutually different speeds or at mutually the same 
speed. 

Figure 2 illustrates the delivery of the two fluids F 
and F 2 to respective channels. Encircling the stationary 
35 housing 16 is a shell 11 which is divided by partition 
walls 13 into a number of riser channels 15 which form 
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fluid inlets and outlets, in the case of the illustrated 
embodiment, three inlets 20 and three outlets 22 are 
connected with each disc-space between the discs 14, 
said inlets and outlets being uniformly distributed 
around the periphery of the apparatus so as to obtain an 
equal delivery of the fluid in question, to the best 
possible extent. It will be understood that the number 
of inlets and outlets, and therewith the number of riser 
channels, can be varied as desired. Pigure 2 is a cross- 
sectional view through the entire apparatus, whereas 
Figure 1 merely shows the right-hand half of the appara- 
tus. 

Figure 3 illustrates the flow mechanics of an infinite 
rotating disc in a fluid non-rotating far from the disc, 
and shows the velocity distribution close to the disc. 

The flow pattern, or flow field, has the appearance 
shown in Figures 4 and 5, wherein Figure 4 illustrates 
the occurrence when the fluid is delivered to the centre 
of the disc, while Figure 5 is an illustration which 
shows the fluid delivered to the periphery of the disc 
with the fluid already in full rotation and flowing 
towards the centre of the disc, similar to the embodi- 
25 ment shown in Figure 1. 

The embodiment illustrated in Figure 6 comprises a shaft 
30 on which sleeves 32 are mounted, these sleeves carry- 
ing plates 34 in a manner similar to that shown in 

30 Figure 1, wherein the outer, free ends of the plates 

terminate against the wall 36 of a surrounding housing 
and are journalled in labyrinth seals, axial seals or 
other appropriate seals, as earlier described. Similar- 
ly, plates 38 are provided at the housing wall 36 and 

35 terminate short of the shaft 30 and the sleeves 32. 
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Distinct from the discs 14 , 18 of the Figure l embodi- 
ment, the plates 34, 38 are curved to form cylindrical 
surfaces which are generally vertical and between which 
there is formed a generally vertical channel for the two 
5 media which pass through respective channels. When the 
shaft 30 is rotated and therewith also the plates 34, a 
so-called Taylor flow will occur in the channel between 
the plates 34 and 38, i.e. vortices and turbulence are 
generated which cause the medium in the channel to move 

10 between the channel surfaces and therewith improve the 
transfer effect, e.g. the heat transfer effect, between 
the two mutually isolated flowing media. This effect is 
greatest when the plates 34 rotate and the plates 38 are 
stationary, although it is also conceivable for the wall 

15 36 to rotate in relation to the shaft 30, wherein rota- 
tion may be effected at different speeds of the plates 
34 and the plates 38, or at one and the same speed. 

The embodiment illustrated in Figure 6 also includes 
20 fluid inlets 40 and fluid outlets 42 and the plates 

34, 38 may be provided with blades or vanes 44, 46 for 
guiding and pumping the media. Similar to the embodiment 
illustrated in Figure l, the inlets 40 and the outlets 
42 may lie alternately in the apparatus hub and in the 
25 housing wall 36, so as to obtain a counterflow effect 
between the fluids flowing in the channels. 

In the embodiment illustrated in Figure 6, so-called 
Taylor vortices or eddies are generated between the 

30 vertical parts of the plates 34, 38, in the manner shown 
in Figure 7. According to the measurements , an axial net 
flow, which can be expressed by a Reynolds number, 
influences the circumstances for Taylor vortices, which 
can be expressed in a Taylor number in accordance with 

35 the diagram shown in Figure 7, where the Taylor number 
is plotted in relation to the Reynolds number. The best 
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possible transfer number, or index, is located within 
the area b and c of the diagram. 

Figure 9 illustrates an embodiment of the invention 
5 which includes an apparatus that can, e.g., function as 
a heat exchanger. Mounted in a housing 50 are a number 
of discs 52 which extend between a central stub pipe 54 
in the housing and the outer peripheral surface thereof. 
Each adjacent pairs of discs 52 i6 sectioned-of f with 

10 the aid of walls 56, 58, in the illustrated embodiment 
in four sections, which are separated from one another 
radially and, with the aid of side walls 60, also peri- 
pherally. The stub connector 54 is also divided into 
four sections or channels 62, 64 (two of each) which are 

15 separated by mutually crossing walls 66, 68 which extend 

in the axial direction of the stub. The apparatus also 

includes vertical side walls 65, 67 which, similar to 

walls 56 and 58, delimit the disc space from the flows 

in the centre. In this way, there are formed four riser 

20 channels 62, 64 which conduct two fluids F and F 

1 2 

separately through the apparatus, as described in more 
detail below. Two of the housing sections are separated 
from the housing surroundings with the aid of outer 
walls 70, whereas the other two housing sections are 
25 open to the housing periphery, at 76. 

A first flow P 1# illustrated with solid arrows, is 
introduced into the central stub pipe 54 in the channel 
62 and flows out over the discs towards which the chan- 

30 nels 62 open, and then leaves the housing through the 

periphery 76 of the outwardly-open housing sections. The 
second fluid flow F 2 is introduced through a further 
stub pipe 72 which is concentrical with the first stub 
pipe 54, down over the uppermost disc 52 in the housing 

35 and is divided via the space between the walls 56 and 70 
over the channels which are open to said space, and is 
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thereafter conducted centrally from the housing via the 
riser channels 64 and via a stub outlet 74. The entire 
apparatus is intended to rotate at a high speed, for 
instance a speed of 3000 r/m. Both the fluid F which 
5 passes from the centre and outwards in the apparatus, 
and the fluid F 2 , which passes in the opposite direc- 
tion, are rotated when arriving over the discs 52 , 
therewith increasing the transfer effect. The fluid F , 
which passes from the centre, is rotated because the 
10 inlet 54 functions in the manner of pump blades or 

vanes, while the fluid F 2 is rotated upon its entry at 
the periphery of the discs, this fluid rotating at a 
higher speed than the fluid located further in on the 
discs 52. 

15 

As will be understood, the discs of the Figure 9 embodi- 
ment may have the same corrugated structure as the discs 
of the apparatus shown in Figure 6. 

20 Figure 12 illustrates a mass transfer apparatus, for 
instance an apparatus for transferring steam or water 
vapour to or from a salt solution from an air flow. 

Arranged in a rotatable housing 80. having a centre axis 
25 82, is a packet of discs 84 to which a salt solution is 
delivered with the aid of a stationary delivery pipe 86 
from which the salt solution is passed through a circum- 
ferential, angle-forming ring 94 and down into several 
distribution pipes 88 disposed around the housing 
30 periphery and rotating together with the housing, said 
pipes distributing the salt solution over the discs 84. 
Air is blown into the housing through an opening 90 and 
over the disc pack 84, wherewith an exchange takes place 
between the air and the salt solution distributed on the 
35 discs. The salt solution leaving the discs is collected 
in the bottom part of a stationary hood 92, which has, 
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away the air exiting from the housing 80 and the discs 
84, and also the salt solution. 

5 All of the illustrated embodiments of the invention, 
i.e. embodiments having planar surfaces and rotating 
cylindrical surfaces, enable a more compact contact body 
to be produced whose transfer performance is achieved 
more by speed than by surface size. Because the flows 

10 are delivered in parallel, a large volumetric flow can 
be distributed over an appropriate number of discs to 
the extent permitted by the flow capacity of the bound- 
ary layer, so that the flow is adapted optimally, to the 
best possible effect, to provide the best transfer 

15 ability or transfer effect with the rotation-mechanical 
conditions that prevail. 

Although the transfer of heat or mass has been described 
in the aforegoing as the transfer of heat between two 

20 fluids, it will be obvious that the inventive concept 

can also be applied to other forms of transfer, such as 
mass transfer as mentioned above with reference to 
Figure 12. The rotating cylindrical surface or disc 
surface may, for instance, comprise a catalyst or be 

25 provided with a substance, liquid or solid or like 

consistency, which has a chemical/physical or some other 
effect on one or more components of the fluid passing 
through the gap. The good transfer effect that prevails 
in the gap close to the disc surface or the cylindrical 

30 surfaces then facilitates the transfer of the components 
from the fluid to the surface, or vice versa. 
It will also be obvious that the illustrated and des- 
cribed exemplifying embodiments of the invention do not 
limit the scope of the invention and that modifications 

35 and changes can be made within the scope of the follow- 
ing Claims. 
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CLAIMS 

1. A method of effecting heat or mass transfer with 

5 the aid of rotating surfaces, characterized 
by introducing the medium or the media between which a 
transfer shall take place at the periphery or the centre 
of the rotating surfaces in several parallel gaps which 
are formed between said surfaces and each of which has a 

10 flow which is adapted to produce the best transfer 

ability, and by causing the major part of the flowing 
medium to pass through a rotating flow-mechanical bound- 
ary layer adjacent the rotating transfer surface in 
lamellar or turbulent flow, and then causing the medium 

15 to leave the gaps at the centre or periphery of said 
rotating surface. 

2. A method according to Claim 1, charac- 
terized by introducing said medium or media to 

20 the periphery of the rotating surfaces with the medium 
or media aleady in rotation in the rotational direction 
of said surfaces. 

3. A method according to Claim 1, charac- 

25 terized by introducing the medium in the centre 
of a gap and discharging the medium at the periphery of 
the rotating surfaces, or vice versa. 

4. A method according to Claim 1, 2 or 3, char- 
30 acterized by causing the rotating surfaces to 

rotate at mutually the same speed. 

5. A method according to any one of Claims 1-4, 
characterized by adjusting the speed of the 

35 rotating surfaces so as to control the transfer effect. 
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6. A method according to any one of Claims 1-5, 
characterized by conducting the medium or 
media in sequence through several mutually adjacent 
gaps . 

5 

7. A method according to any one of Claims 1-6, 
characterized by introducing the medium or 
media into one or more gaps defined between rotating 
disc surfaces. 

10 

8. A method according to any one of Claims 1-6, 
characterized by introducing the medium or 
the media into one or more gaps defined between rotating 
cylindrical surfaces. 

15 

9. A method according to any one of Claims 1-6, 
characterized by introducing the medium or 
the media into one or more gaps defined between disc 
surfaces which alternate with cylindrical surfaces. 

20 

10. A method according to any one of Claims 1-6, 
characterized by introducing the medium or 
the media into one or more gaps defined between corru- 
gated, alternating disc-like surfaces and cylindrical 

25 surfaces, or rounded surfaces. 

11. A method according to any one of Claims 1-9, 
characterized by driving several rotating 
surfaces at mutually different speeds. 

30 

12. A method according to any one of Claims 1-11, when 
effecting a transfer between several media, char- 
acterized by conducting the media in counter- 
flow to one another in adjacent gaps. 

35 
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13. A method according to any one of Claims 7-12, in 
which one medium is introduced at the centre of the 
rotating disc surfaces, characterized by 
maintaining the medium stationary or rotating the medium 

5 counter-directional to the direction of rotation of the 
rotating disc surfaces. 

14. Apparatus for carrying out the method according to 
any one of Claims 1-9 for heat transfer or mass trans- 

10 fer, said apparatus including rotating transfer sur- 
faces, characterized by at least one 
rotation body (16, 36, 50, 80) which is journalled on a 
rotation shaft (10, 30, 82) and which includes a number 
of mutually adjacent transfer surfaces (14, 34, 52, 84) 

15 and inlets (20, 40, 54, 72, 83) and outlets (22, 42, 76, 

74, 92) for delivering one or more media parallel to the 
channels or interspaces formed between the transfer 
surfaces. 

20 15. Apparatus according to Claim 14, charac- 
terized in that the transfer surfaces (14, 34) 
are fixed on a shaft (10, 30) which rotates in a housing 
(16, 36) which carries at its periphery further transfer 
surfaces (18, 38) which extend in between the first 

25 mentioned transfer surfaces (14, 18), and in that the 

inlet (20, 40) and the outlets (22, 42) are provided at 
the shaft or the outer periphery of the housing, or 
both. 

30 16. Apparatus according to Claim 14 or 15, char- 
acterized in that the transfer surfaces are 
comprised of flat discs (14, 18). 

17. Apparatus according to Claim 14 or 15, char- 
35 acterized in that the transfer surfaces are 

comprised of discs (34, 38) which are corrugated to form 
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cylindrical surfaces which extend in the axial direction 
of the discs, so that the channels defined between the 
discs are essentially axial. 

5 18. Apparatus according to Claim 24, charac- 
terized in that the rotation body (50) includes a 
number of discs (52) which are divided into sections by 
means of partition walls (56, 58, 60, 65, 67, 66, 68, 
70), of which sections some are connected to a central 

10 inlet (54) for a medium (F^) which subsequent to passing 

over the discs leaves the rotation body (50) at its 
periphery (76), while remaining sections are so con- 
structed that a second medium (F 2 ) is delivered separat- 
ed from the central inlet (54) to the periphery of the 

15 rotation body (50) and subsequent to passage over a disc 

surface leaves the rotation body (50) through a central- 
ly located outlet (74). 
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